The anti-A lectin from Amphicarpaea bracteata (hog peanut) seeds (1) is one of several Leguminoseae lectins specific for terminal nonreducing D-GalNAc4 groups. The genus Amphicurpaea contains two seed types: one above ground and one which develops at the base of the stem, near or below the soil surface. The lectin was first isolated from the conventional aerial seeds by Blacik and co-workers (2) chromatography on a matrix prepared by coupling N-acetyl-D-galactosamine to expoxy-Sepharose 6B. The purified lectin was reported to be homogeneous by SDS-polyacrylamide gel electrophoresis. Inhibition of hemagglutination established the carbohydrate binding specificity to be DGalNAc%>a-D-Gal>B-D-Gal.
We report here purification of the lectin from A. bracteata from both types of seeds and further characterization of its physical and chemical properties. and methyl 2-N-benzamido-2-deoxy-a-D-galactopyranoside were prepared by Dr. R. Kaifu as described (9) . The disaccharides a-D-GalNAc-
MATERIALS AND METHODS

Isolation
were synthesized by N. Plessas of this laboratory.
Additional sugars were from Pfanstiehl Laboratory (Waukegan, IL).
Quantitative precipitation inhibition assay. The carbohydrate binding specificity of the lectin was determined by a precipitin inhibition assay as described (10) . Lectin (16 pg) was mixed with hog A + H gastric mucin (10 pg) to which varying concentrations of haptenic sugars were added in a final volume of 0.2 ml. After incubation at 25'C for 48 h, the tubes were centrifuged and the precipitates were washed with PBS (0.4 ml). The washing procedure was repeated twice. The precipitates were dissolved by addition of 0.1 ml 0.5 M NaOH and, after standing for 1 h, protein was determined by a micro Lowry assay (11).
Equilibrium dialysis. (Fig. 1 ). Subsequent washing with 0.1 M acetic acid eluted additional material which absorbed at 280 nm. However, this material did not agglutinate type A erythrocytes; nor did it stain for protein on SDS-gel electrophoresis.
Yields of lectin varied from 100 to 800 pg per gram of seeds, depending upon the source. The subterranean seeds gave slightly higher yields than the aerial seeds. MALIARIK, ROBERTS, AND GOLDSTEIN metrical peak upon gel filtration with M, 135,000 (Fig. 2) . After extensive dialysis against distilled water, the lectin was lyophilized and dried to constant weight in 'UUCUO at 100°C. The protein was dissolved in PBS and the absorbance at 280 nm was recorded. An extinction coefficient was determined to be 13.6 E&$. A single diffuse band was obtained upon polyacrylamide gel electrophoresis at pH 8.9 (Fig. 3B) . SDS-PAGE showed four bands of M, 32,000, 30,000, 28,000, and 27,500 (Fig. 3A) . Incubation of the lectin with ,&mercaptoethanol did not alter the profile. Isoelectric focusing in 8 M urea resulted in several bands with apparent ~7s of 5.5-6.5 (Fig. 3C) . SDS-PAGE of protein recovered from focused bands, however, revealed the presence of more than one subunit type. Thus part of the charge heterogeneity seen upon isoelectric focusing may be an artifact due to incomplete dissociation in 8 M urea.
Staining of SDS gels with thymol-sulfuric acid indicated that all the lectin bands contained carbohydrate. Carbohydrate analysis showed the lectin to be a glycoprotein containing 4% carbohydrate by weight, consisting of glucosamine, mannose, galactose, fucose, arabinose, and xylose residues in the molar ratio 4:3:2:1:2:2. The lectin was quantitatively retained on Amino acid analysis data for A. bradeata lectin are shown in Table I . Amino acid composition was computed on a mol/lOOO mol basis and was compared to the data from Blacik et al. (2) . The present data are in agreement with the previous work, in that the lectin is rich in serine, leucine, aspartic acid, and glutamic acid. However, some notable differences were found. The content of histidine was much lower than previously reported, and the amount of methionine found by this laboratory was only 1 residue11000 mol versus 18.8 residues/1000 mol found earlier. Cysteine was absent.
Amino terminal sequence data for the A. bracteata lectin are shown in Fig. 4 . Equal amounts of serine and threonine along with smaller quantities of glycine, alanine, and aspartic acid were released on the first cycle of degradation. Subsequent cycles gave one predominant residue, except the fifth cycle, which released equimolar amounts of serine and proline.
Carbohydrate bind&g spec$i&. Equilibrium dialysis using [14C]methyl N-ace- tyl-a-D-galactosaminide as binding ligand indicated four equivalent, noninteracting sugar binding sites per molecule (il& 135,000), with K, = 4.0 X lo4 M-' (Fig. 5) . A strong precipitin reaction was observed upon mixing A. bracteata lectin with hog mucin A + H substance. Weak precipitin reactions were also observed with type A blood group substance and p-azophenyl+ GalNAc-bovine serum albumin conjugate. No reaction was detected with guaran or bovine submaxillary mucin. A precipitin curve of A. bracteata lectin with hog A + H substance is shown in Fig. 6. a. iwc.mu Inhibition of the precipitin reaction with hog A + H substance was used to further characterize the carbohydrate binding specificity of the A. bradeuta lectin. Results of precipitin inhibition studies are summarized in Table II . Except where noted all 50% inhibition values were determined from complete inhibition curves. D-GalNAc was found to be 50-fold more potent an inhibitor than MecuGal, which compares well with the loo-fold difference observed by the hapten inhibition of hemagglutination technique (2) . There is also good agreement between the methods as to the relative potencies of lactose and GlcNAc. The CY- methyl glycoside of GalNAc was I-fold more inhibitory than the B-methyl glycoside.
The pnitrophenyl cu-glycoside of GalNAc was only slightly more potent than the /3-anomeric derivative (0.16 vs 0.23 mM), but the pnitrophenyl /3-glycoside was four times more potent than the methyl /3-glycoside, suggesting a possible interaction of the protein with the P-pnitrophenyl group. Modifications at the C-2 position had little effect on binding to A. bracteata lectin. Replacing the amide nitrogen of Me (YGalNAc with oxygen (methyl 2-O-acetyla-D-galactopyranoside) decreased binding slightly.
Several disaccharides terminating in GalNAc were also studied. Of these, the Forssman disaccharide (GalNAccul,3Gal-NAc) was the most inhibitory (Kr = 0.067
Although the lectin is specific for terminal, nonreducing GalNAc residues, the nature of the glycosidic linkage also appears to have a significant effect on binding.
Specifically, a(1,2) and (~(1,3) linkages are better inhibitors than disaccharides containing a (1, 6) linkages.
This lectin was also found to bind adenine very tightly, with K, = 1.3 X lo6 M-' (Fig. 7) . Equilibrium dialyses indicated a single adenine binding site per molecule of iV, 135,000. This property puts the lectin in a class with several other legume lectins which have been observed to contain an adenine-specific binding site along with their carbohydrate binding site (21) .
DISCUSSION
Synsorb A is an effective affinity support for purification of the A. bracteata lectin. Yields vary from seeds collected in different locals, the New Hampshire seeds containing the most lectin.
Blacik and co-workers found the lectin to be homogeneous upon electrophoresis in SDS (2) . An apparent molecular weight was not reported. Our results indicate that the lectin consists of multiple subunit forms, which differ in both size and charge. Subunit heterogeneity has also been reported for a number of other GalNAc binding lectins such as lima bean (6) and Dolichos biflomLs (15) . The behavior of the (5-400 PM) were rotated at 25°C for 24 h; lOO-~1 samples were counted to determine the concentrations of bound and free ligand.
